The current work was interested in the elaboration of a new electrochemical sensor based on modified glassy carbon electrode for zinc detection. For this 4-para nitrobenzene diazonium (P-NBD), 4-nitrophenyl (NP) and 4-aminophenyl (AP), and ethylene diamine tetra acetic (EDTA) were electrochemically deposited from aqueous solution on the surface of glassy carbon (GC) electrode by potential cycling in the range between 0.4 and ¹1.25 V. Cyclic voltammetry (CV), electrochemical impedance spectroscopy (EIS) and Square wave voltammetry (SWV) were used to characterize the GC sensor. We show that the Zinc ion sensor based on modified CG electrode was characterized by low limit of detection (LOD) for about 3.74 10 ¹11 g L ¹1 , high sensitivity and wide linear detection range between 2.5 10 ¹12 g L ¹1 and 2.0 10 ¹07 g L
Introduction
Environmental pollution is a real, growing problem that urgently needs to be controlled. A wide range of toxic inorganic and organic chemicals is currently discharged into the environment in the form of industrial waste and causes serious air, soil, and water contamination. 1, 2) Zinc is a key element for sustaining life and the second most abundant transition metal, after iron, in biological systems for many raisons, 3) because it plays a vital role in the operation of more than 200 enzymes, for the stabilization of DNA and the transference of a nervous stimulus, 4) it influences microtubule polymerization, gene expression, apoptosis, immune system function, and the activity of enzymes such as carbonic anhydrase and matrix metalloproteinase.
5) The zinc deficiency could cause unbalanced metabolism, which is responsible for many severe diseases such as low blood sugar, Alzheimer's disease, epilepsy, ischemic stroke, and infantile diarrhea. 6) Deficiency of zinc leads to retarded growth, lower feed efficiency, inhibits the general wellbeing, causes other different diseases such as ulcers, scaling of the skin, besides affecting the bones and joints. 7) Our increased understanding of the deleterious effects of zinc exposure has sparked interest in the development of new tools for detecting Zn 2+ in the environment. One major challenge involves creating Zn 2+ sensors that function in water and are highly selective for Zn 2+ against a background of competing analytes. 810) Sensitive sensors were applied for the detection of Zn 2+ in Real Samples, 11) waste water samples 12) and certified water and real samples (tap water and wastewater). 13) Surface modification of glassy carbon by diazonium salt reduction has been reported in the literature, 1417) the carbon electrode is the most widely studied and modified with aryl diazonium salt reduction. One among several advantages of covalent attachment is that it results in robust surface grafting that is able to withstand elevated temperatures and harsh chemical conditions. Another advantage of the diazonium salt approach is that spontaneous grafting can take place with no electrochemical induction by simply immersing the substrate into a solution of diazonium salt. 18) Being a very strong complexing agent against various metals EDTA functionalized polymer modified electrodes can be used to detect various metal ions. 19) In this paper, a new sensitive sensor based on electrochemically deposited EDTA onto modified GC was elaborated for zinc ions detection in real water. Cyclic voltammetry (CV), electrochemical impedance spectroscopy (EIS) and Square wave voltammetry (SWV) were used to characterize the GC sensor.
Experimental Procedure

Process and materials 2.1.1 Process
All the electrochemical measurements were carried out using a EC-Lab SP-300 with a conventional three-electrode system, modified GC electrode, platinum wire, and saturated calomel electrode (SCE) were used as the working, counter, and reference electrodes, respectively and inside a Faraday cage, at room temperature.
The measurement setup for impedance consisted of a three electrode system, in the frequency range 100 mHz ¹100 kHz.
Square wave voltammetric measurements were run from ¹0.2 to 0.5 V, scan rate 100 mV s cell with a volumetric capacity of 40 mL containing a threeelectrode system.
Materials
Sodium nitrite, hydrochloric acid, 4-nitroaniline, Ethylene diamine tetra-acetic EDTA (chemika), potassium ferricyanide (K 3 A 5 mM of potassium ferricyanide/ferrocyanide solution was prepared in 0.1 M KCl and 40 ml of buffer solutions (acetate/acetic acid at pH 4.5 and PBS at pH 7.0) were used as support electrolytes for the electrochemical measurements.
(1) syntheses of nitrobenzene diazonium salt To synthesize nitrobenzene diazonium salt (P-NBD), 2 g of 4-nitroaniline (in 20 ml of H 2 O) is added to 5 ml of 0.1 M HCl and reacted with 1.5 g of sodium nitrite (in 12 ml of H 2 O) ( Fig. 1) . 19) The diazonium salt synthesized was stored in temperature 4°C.
Elaboration of modified GC sensor (1) Electrochemical deposition of 4-nitrophenyl and 4-aminophenyl
Electrochemical experiments were carried out using a potentiostat (SP-300, Bio-Logic) made up of a threeelectrode cell. The working electrode used was the fabricated glassy carbon (GC) electrode; the Pt wire was used as counter electrode and the saturated calomel as reference electrode. The working electrode was immersed in 0.1 M NBD. The 4-nitrophenylwas grafted electrochemically on the surface of the GC-electrode by cyclic voltammetry (CV) when the potential varies from 0.4 to ¹0.4 V at a scan rate of 100 mV s ¹1 (Fig. 2) . Then, the electrode was subjected to five potential scans from 0.4 to ¹1.25 V at a scan rate of 100 mV s ¹1 in 0.1 M KCl solution for the reduction of 4-nitrophenyl to 4-aminophenyl on the surface of the GCelectrode (Fig. 3) . The modification of the surface and the reduction of nitro groups to amine were summarized in Fig. 4 .
(2) Modification of the AP-GC electrode by EDTA In order to covalently bind the activated COOH groups to EDTA and NH 2 groups on the surface of the AP-GC electrode (Fig. 5) , the electrode was immersed for 12 hours in PBS buffered solution containing 0.1 M EDC and 0.01 M EDTA at pH 7. 20) The ferricyanide electrochemistry at the surfaces of NP-GC, AP-GC, EDTA-GC and bare GC electrodes were shown in Figs. 6 and 7. Figure 3 exhibits the characteristic irreversible reduction (Epc µ ¹0.4 V vs SCE) of NP groups to aminophenyl. These observations confirm the surface modification by the attachment of NP groups.
Results and Discussions
Characterization of EDTA-GC surface by CV and EIS
21) The surface voltammogram indicating the reduction of the nitro groups to the amino groups by 6 electrons transfer giving rise to aminophenyl modified GCelectrode surface (AP-GC).
2224) The partial impeding of the electron transfer of ferricyanide is probably due to the protonation of the surface amine groups giving rise to the positively charged film of PhNH 3+ and thus electrostatic attraction of negatively charged ferricyanide ions. 25) Figure 6 shows that the CV peaks of ferricyanide observed at the bare GC electrode were also suppressed at the EDTA-GC surface which confirms the successful grafting of the EDTA layer to the surface of GC. 19 ) 19) Figure 7 shows that higher charge transfer resistance at the NP-GC surface compared to that of at the AP-GC surface is consistent with the cyclic voltammetric results as shown previously in Fig. 6 . The EDTA layer buildup on the surface of GC has a marked influence as is clearly noticed in the Nyquist plot of EDTA-GC surface. The film resistance of the EDTA modified surface, which can be determined from the semicircle diameters in the Nyquist diagram, is about 1 k³ in high frequency region and 8 k³ in low frequency region, suggesting that the film on the EDTA modified GC surface shows a higher blocking ability than NP film for the ferro/ ferricyanide electron transfer reaction. 19) In Fig. 7 , EIS was employed based on the well-known theory of the double layer to characterize the NP-GC, AP-GC and EDTA-GC surfaces using the redox couple of a 5 mM potassium ferricyanide/ferrocyanide. This interface behaves as widely described by Randles equivalent circuit 26) in such model the charge transfer resistance, R T , is generally in parallel with the constant phase element, CPE, contained the modified layer capacitance, the double layer capacitance and in series with the solution resistance, R s . The Nyquist diagram at the AP-GC surface shows almost a small semicircle at the high frequency region, indicating the diffusion limited step with a low charge transfer resistance (approximately 0.6 k³). As explained above the low charge transfer resistance at AP-GC surface is probably due to the protonation of the surface amine groups making the film positively charged which attracts the negatively charged ferricyanide ions. 25) 
Influence of the pH support electrolyte
It is well known that the effect of the pH may affect the complexation capacity of Zn 2+ and the detection sensitivity in overall.
27) The effect of pH on the response of the sensor was studied at pH 7.0 and pH 4.5AA using square wave voltammetry (SWV). The current intensity (I p ) was examined from 869.5 to 479.4 µA at pH 4.5 and 537.8 to 309.9 µA at pH 7.0 over a wide concentration range of 2.5 10 ¹12 to 1.98 10 ¹07 g L ¹1 towards zinc ions. As shown in Figs. 8 and 9, the peak potential was strongly pH-dependent and that the peak current decreases with increasing pH. This can be explained by the fact that the lower adsorption capacity of heavy metal (Zn 2+ ) due to the competition between chelate forming groups and H + on the same sites of coordination in the solution at lower pH. Moreover, according to Nernst equation low pH value can make redox couple more powerfully oxidizing, rending its peak intensity corresponding potential value on abscissa more intensive and more positive respectively. 27) 3.3 Response, dynamic range and limit of detection (LOD) of the sensor The selectivity is an important factor for a zinc-sensitive electrode. The zinc sensor responses toward Cd 2+ and Pb 2+ at pH 4.5 are studied by using SWV method. Zinc and interfering cations were prepared in buffer sodium acetate/ acetic acid over a wide concentration range of 2.5 10 ¹12 g L ¹1 to 1.98 10 ¹07 g L ¹1 at pH 4.5 under stirring. The calibration curves (Fig. 10 ) of EDTA-GC sensor for zinc, cadmium and lead ions were obtained from amperometric responses. We show that the response of sensor for Zn 2+ is better than that of Cd 2+ and Pb
2+
. The limit of detection (LOD) of zinc EDTA-GC sensor was studied and compared with literature values (Table 1) .
As seen, our sensor shows a better LOD of about 3.74 The EIS were registered within frequency range from 100 Hz to 100 KHz; working electrode potential of ¹177 mV.
10
¹11 g L ¹1 with a linear range of 2.50 10 ¹12 to 2 10 ¹7 g L
¹1
towards Zn 2+ compared with those reported in Refs. 2830).
Conclusions
In this work, a new sensitive zinc ion electrode based on electrochemically deposited EDTA onto glassy carbon surface was elaborated. Cyclic voltammetry (CV), electrochemical impedance spectroscopy (EIS) and Square wave voltammetry (SWV) were used to characterize the GC electrodes. The SWV was recorded and a calibration graph was constructed for various concentrations of zinc ions at a wide range of concentrations between 2.5 10 ¹12 g L ¹1 and 2.0 10 ¹07 g L
¹1
. The EDTA-CG sensor developed was characterized by low limit of detection (LOD) for about 3.74 10 ¹11 g L
, high sensitivity and wide linear detection range. The response of our sensor towards zinc ions is better than that of the required values of cadmium and lead ions. We show that EDTA-GC sensor was very suitable for determination of zinc ions in water. This proposed sensor gave satisfactory results in determination of zinc in water and can be successfully used in the detection of real water samples. 
Potential, E /V Fig . 10 Response of the EDTA-GC sensor for zinc over lead and cadmium in sodium acetate/acetic acid buffer solution at pH 4.5. 
